cocatalysts on the samples significantly increased the rate of O 2 evolution. The electrochemical analysis indicated that these cocatalysts effectively decreased the overpotential of IO 3 - reduction, which occurs through the 6-electron process. On the other hand, the original layered structure was effective for the photocatalytic O 2 evolution in the presence of Fe 3+ electron acceptor even without any cocatalysts, suggesting that the interlayer spaces of layered niobate can work as effective reduction sites for cationic Fe 3+ . Finally, simultaneous evolution of H 2 and O 2 was attempted by using these KCa 2 Nb 3 O 10 -based materials as O 2 -evolving photocatalysts, combined with an appropriate H 2 -evolving photocatalyst. By employing the appropriate combination of KCa 2 Nb 3 O 10 -based materials with the redox couple, which was suggested by the result of half O 2 -evolution reactions, simultaneous evolution of H 2 and O 2 stably proceeded with higher rates.
Introduction
Photocatalytic water splitting using semiconductor materials have received much attention due to the potential for clean production of H 2 from water by harvesting abundant solar light. To achieve practically high efficiency of H 2 production under solar light irradiation, both the utilization of wide range of solar light spectrum, especially in visible light region, and the high quantum efficiency in the reaction are undoubtedly indispensable. Water splitting systems based on two-steps photoexcitation, which were inspired by the Z-scheme mechanism of photosynthesis in green plants, have been recently developed and proven as an effective way to utilize wider range of visible light. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In this system, the watersplitting reaction is broken up into two stages, one for H 2 evolution and the other for O 2 evolution, and these are combined by using a shuttle redox couple in the solution. The present author's group have first demonstrated visible-lightinduced water splitting into H 2 and O 2 using two different metal oxide semiconductors and an iodate/iodide (IO 3 -/I -) 1 , and have applied various kinds of semiconductor materials, not only metal oxides but also metal oxynitrides [2] [3] [4] [5] [6] and organic dyes, 7, 8 to the two-steps (Z-scheme) water splitting system. Kudo were analyzed by on-line gas chromatography (detector; TCD, column packing; molecular sieve 5 A, Ar carrier).
2-3. Electrochemical Measurement.
To bounded layered structures (see Fig. S1 for TEM image of exfoliated nano sheet and re-stacked one). As shown in Fig. 2 were readily broadened again by exposing to moisture condition as shown in Fig. S2 , indicating facile hydration nature of the interlayer spaces of samples obtained via the exfoliation-restack process. On the other hand, the diffraction peaks corresponding to (lm0), such as (100) or (110), are clearly remained even after the exfoliation-restack process, while the intensity decreased to be about half of the originals. The clear presence of peaks corresponding to (lm0) indicated that the planer structures of niobate sheets themselves were retained to some extent, while the size of sheets was reduced during the exfoliation process, as clearly observed in the SEM and TEM images of ex-Ca 2 Nb 3 O 10 /K + (Fig. 2-c and Fig.S1-b) . (see Fig. 3-d As shown in Fig. 6 for example, the onset of cathodic current for IO 3 -reduction on RuO 2 /FTO was observed at around 0.79 V vs. RHE. The apparent overpotential on RuO 2 /FTO was thus estimated to be ca. 0.30 V from the difference between the onset potential (indicated by the solid line) and the standard redox potential (E(IO 3 -/ I -) = 1.085 V at pH 6.8, as indicated by the dotted line in Fig. 6 ). As summarized in Fig. 4 Fig. S5 ). These results indicate that the determining step in this reaction system is the reduction of IO 3 -and thus the activation of this step is key to generation compared to the original ones; however the enhancement was not so significant compared to that in the case of IO 3 -acceptor (see Fig. 3 ). The effect of MO y cocatalyst on the O 2 evolution was also examined on the exCa 2 Nb 3 O 10 /K + /H + samples in the presence of Fe 3+ electron acceptor. As summarized in Fig. 8 , the loading of PtO and Rh 2 O 3 appreciably enhanced the rate of O 2 evolution, while the enhancement was not so remarkable. The electrochemical measurement on these MO y loaded on FTO was also carried out to evaluate the catalytic activity for reduction of Fe 3+ . Although the cathodic current obviously increased on all the metal oxides except for CoO x (see Fig. S6 ), the onset potentials for Fe 3+ reduction were observed at similar potentials at around 0.5 V vs. Ag/AgCl; suggesting that the overpotentials for Fe 3+ reduction on these materials are quite small. Because the reduction of Fe 3+ to Fe 2+ is one-electron process, this reaction is expected to proceed with relatively-high efficiency even without effective cocatalysts, i.e., even on the bare surface and/or in the interlayers of H + /KCa 2 Nb 3 O 10 based materials. Indeed, the unmodified samples such as ex-Ca 2 Nb 3 O 10 /K + /H + showed relatively high rate of O 2 evolution with steady rate (see Fig. 7) . Thus, the loading of cocatalysts had a limited effect for enhancing O 2 evolution on the ex-Ca was used as the H 2 -evolution photocatalyst, which had been first reported by Kudo et al. to show reasonable activity for H 2 -evolution in the presence of Fe 2+ electron donor under visible light. 9 We also confirmed that the 5 mM and almost saturated at higher concentrations. As shown in Fig. 10a, 
3-2. Photocatalytic water oxidation on

Conclusions
In the present study, we attempted to apply a cation- 
